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WRELESSAPPARATUS AND DISTORTION 
COMPENSATING METHOD 

CROSS-REFERENCE TO RELATED 

APPLICATION(S) 

This application is based upon and claims the benefit of 
priority of the prior Japanese Patent Application No. 2012 
083170, filed on Mar. 30, 2012, the entire contents of which 
are incorporated herein by reference. 

FIELD 

The embodiments discussed herein are directed to a wire 
less apparatus and a distortion compensating method. 

BACKGROUND 

In recent years, a wireless apparatus such as a mobile 
phone and a Smartphone comes to have a digital communica 
tion function, and data transmission is performed with high 
efficiency. When a wireless apparatus which sends data 
employs a multi-phase modulation system for data transmis 
Sion, preferably an amplification characteristic of a transmis 
sion power amplifier is linearized to Suppress a nonlinear 
distortion and to reduce leakage power to adjacent channels. 
When an amplifier with low linearity is employed in an 

effort to improve power efficiency, it is preferable that a 
nonlinear distortion that occurs due to the low linearity be 
compensated. To this end, wireless apparatuses are provided 
with a distortion compensator that compensates for the non 
linear distortion of the power amplifier. 

For example, a transmission signal is converted into two 
signals, i.e., an I signal and a Q signal, by an S/P (Serial/ 
Parallel) converter. Then, the I signal and the Q signal are 
Subjected to amplification processing. Thereafter, a part of the 
amplified signal is fed back as a feedback signal. The distor 
tion compensator compares the I signal and the Q signal with 
the feedback signals, and calculates a distortion compensa 
tion coefficient so that a difference between the I signal/Q 
signal and the feedback signal is Zero. Then, the distortion 
compensator performs distortion compensation by multiply 
ing the I signal and Q signal, i.e., the converted transmission 
signal, with the distortion compensation coefficient. The dis 
tortion compensator compares the transmission signal before 
the distortion compensation with a feedback signal obtained 
by extracting a part of a signal amplified after the distortion 
compensation, and sequentially updates the distortion com 
pensation coefficient so that the difference between these 
signals is Zero. As to an example of Such a conventional 
technique, see Japanese Laid-open Patent Publication No. 
2001-189685, for example. 

However, the conventional technique does not consider 
reducing a time taken for compensating the distortion of 
signals output from a plurality of amplifiers. 
A wireless apparatus including a plurality of amplifiers 

may update the distortion compensation coefficient for each 
amplifier by switching between feedback signals from the 
amplifiers equally in a time-divisional manner, and compar 
ing each feedback signal with a corresponding transmission 
signal. 

Depending on the States of distortion in output signals from 
the plurality of amplifiers, a time taken for distortion com 
pensation of the output signals can be long. For example, 
assume that distortion compensation is performed for two 
amplifiers; and an output signal from one amplifier experi 
ences a relatively large distortion while an output signal from 
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2 
the other amplifier experiences no distortion. In this case, if 
the distortion compensation coefficients for the two amplifi 
ers are updated equally in a time-divisional manner, an 
assigned time slot is not long enough for the signal experi 
encing a relatively large distortion for updating the distortion 
compensation coefficient, and hence, the update will be insuf 
ficient. On the other hand, the distortion compensation coef 
ficient of the signal not experiencing a distortion is also 
updated, which is unnecessary. Consequently, as to the ampli 
fiers as a whole, a time taken for the distortion compensation 
of the output signals may become long, because the distortion 
compensation of the output signal from the amplifier which 
experiences a relatively large distortion may take a long time 
until it finishes. 

SUMMARY 

According to an aspect of an embodiment, a wireless appa 
ratus includes a plurality of amplifying systems. Each of the 
amplifying systems includes a storing unit that stores a dis 
tortion compensation coefficient for use in compensation for 
a nonlinear distortion of one or more transmission signals, a 
compensator that compensates for the nonlinear distortion of 
the transmission signal with use of the distortion compensa 
tion coefficient stored in the storing unit, and an amplifier that 
amplifies the transmission signal Subjected to distortion com 
pensation in the compensator. The wireless apparatus further 
includes a Switch that selects a plurality of feedback signals 
corresponding to the plurality of transmission signals output 
from the plurality of amplifying systems sequentially in a 
time-divisional manner, a subtractor that derives one or more 
differences between the feedback signal selected in the switch 
and the transmission signal, corresponding to the feedback 
signal, before distortion compensation in the compensator, a 
first calculator that derives a distortion compensation coeffi 
cient that restricts the difference derived in the subtractor and 
updates the distortion compensation coefficient stored in the 
storing unit in the corresponding amplifying system by the 
derived distortion compensation coefficient, and a Switch 
controller that controls a length of time during which each of 
the feedback signals is selected in a time-divisional manner in 
the Switch depending on magnitude of a distortion of each of 
the plurality of transmission signals output from the plurality 
of amplifying systems. 

According to another aspect of an embodiment, a distortion 
compensating method includes (a) executing in each of a 
plurality of amplifying systems, (al) reading a distortion 
compensation coefficient from a storing unit that stores the 
distortion compensation coefficient for use in compensation 
for a nonlinear distortion of one or more transmission signals 
and compensating for the nonlinear distortion of the trans 
mission signal with use of the read distortion compensation 
coefficient, and (a2) amplifying the transmission signal Sub 
jected to distortion compensation, (b) selecting a plurality of 
feedback signals corresponding to the plurality of transmis 
sion signals output from the plurality of amplifying systems 
sequentially in a time-divisional manner, (c) deriving a dif 
ference between the selected feedback signal and the trans 
mission signal, corresponding to the feedback signal, before 
the distortion compensation, (d) deriving a distortion com 
pensation coefficient that restricts the derived difference and 
updating a storing unit in the corresponding amplifying sys 
tem by the derived distortion compensation coefficient, and 
(e) controlling a length of time during which each of the 
feedback signals is selected in a time-divisional manner 
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depending on magnitude of a distortion of each of the plural 
ity of transmission signals output from the plurality of ampli 
fying systems. 
The object and advantages of the invention will be realized 

and attained by means of the elements and combinations 
particularly pointed out in the claims. 

It is to be understood that both the foregoing general 
description and the following detailed description are exem 
plary and explanatory and are not restrictive of the invention, 
as claimed. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 illustrates an exemplary configuration of a wireless 
apparatus according to a first embodiment; 

FIG. 2 illustrates an input/output characteristic of an ampli 
fier; 

FIG. 3 describes a nonlinear distortion generated by a 
nonlinear characteristic; 

FIG. 4 illustrates an exemplary configuration of a distor 
tion compensator; 

FIG. 5 illustrates an exemplary configuration of a wireless 
apparatus according to a second embodiment; 

FIG. 6 illustrates an example of update time periods in an 
LUT; 

FIG. 7 illustrates a comparative example of update time 
periods in the LUT; 

FIG. 8 illustrates a flowchart of an exemplary process 
performed by the wireless apparatus according to the second 
embodiment; 

FIG. 9 illustrates an exemplary configuration of a wireless 
apparatus according to a third embodiment; 

FIG. 10 illustrates a flowchart of an exemplary process 
performed by the wireless apparatus according to the third 
embodiment; and 

FIG. 11 illustrates a flowchart of another exemplary pro 
cess performed by the wireless apparatus according to the 
third embodiment. 

DESCRIPTION OF EMBODIMENTS 

Preferred embodiments of the present invention will be 
explained with reference to accompanying drawings. It is to 
be noted that a disclosed technique is not limited by these 
embodiments. 

a First Embodiment 

FIG. 1 illustrates a configuration of a wireless apparatus 
according to a first embodiment. As illustrated in FIG. 1, a 
wireless apparatus 100 includes a transmission signal genera 
tor 102, a serial/parallel converter (S/P converter) 104, a 
distortion compensator 110, and a D (Digital)/A (Analog) 
converter 122. The wireless apparatus 100 also includes a 
quadrature modulator 124, a frequency converter 126, an 
amplifier 128, a directional coupler 130, an antenna 132, and 
a reference carrier wave generator 134. The wireless appara 
tus 100 further includes an A/D converter 136, a quadrature 
detector 138, and a frequency converter 140. The distortion 
compensator 110 includes a predistorter 112, a distortion 
compensation coefficient storing unit 114, and a distortion 
compensation coefficient calculator 116. The distortion com 
pensator 110 is achieved, e.g., by a DSP (Digital Signal 
Processor). 
The transmission signal generator 102 generates a serial 

digital data string to be transmitted from the wireless appa 
ratus 100. The serial/parallel converter 104 divides the digital 
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4 
data string generated in the transmission signal generator 102 
alternately on a bit-by-bit basis and converts it into 2 signals, 
i.e., an in-phase component signal (I signal) and a quadrature 
component signal (Q signal). 
The D/A converter 122 converts each of the I signal and the 

Q signal into an analog baseband signal. The quadrature 
modulator 124 performs a quadrature modulation by multi 
plying the I signal and the Q signal (transmission baseband 
signals) output from the D/A converter 122 by a reference 
carrier wave generated in the reference carrier wave generator 
134 and a carrier wave having a phase shifted by 90 degrees 
from the phase of the reference carrier wave, respectively, and 
adding the multiplication results. 
The frequency converter 126 mixes the quadrature signal 

output from the quadrature modulator 124 with a local oscil 
lation signal and converts the frequency of the mixed signal 
into a radio frequency. The amplifier 128 amplifies the radio 
frequency signal output from the frequency converter 126 and 
radiates the signal in the air through the directional coupler 
130 and the antenna 132. 
The directional coupler 130 feeds a part of the transmission 

signal back to the frequency converter 140 and inputs the 
signal in the frequency converter 140. The frequency con 
verter 140 converts the frequency of the feedback signal. The 
quadrature detector 138 performs a quadrature detection by 
multiplying the feedback signal output from the frequency 
converter 140 by the reference carrier wave generated in the 
reference carrier wave generator 134 and the signal having a 
phase shifted by 90 degrees from the phase of the reference 
carrier wave to reproduce the I signal and the Q signal as the 
baseband signals on the transmission side. The A/D converter 
136 converts the feedback signals output from the quadrature 
detector 138 into digital signals and inputs the digital signals 
in the distortion compensator 110. 
The distortion compensation coefficient storing unit 114 

stores distortion compensation coefficients h(pi) correspond 
ing to power values pi (i-0 to 1023) of a transmission signal 
x(t). The predistorter 112 performs distortion compensation 
processing (predistortion) on the transmission signal with the 
use of a distortion compensation coefficienth (pi) correspond 
ing to a power level of the transmission signal. The distortion 
compensation coefficient calculator 116 compares the trans 
mission signal X(t) with a demodulated signal (feedback sig 
nal) y(t) demodulated in the quadrature detector 138, calcu 
lates a distortion compensation coefficient h(pi) so that a 
difference between these signals is Zero, and updates the 
distortion compensation coefficient stored in the distortion 
compensation coefficient storing unit 114. 

In this manner, the distortion compensator 110 updates the 
distortion compensation coefficient in an adaptive manner so 
that a difference between the feedback signal which is a part 
of the signal amplified in the amplifier 128 and the transmis 
sion signal before distortion compensation is Zero. 

Next, an input/output characteristic of the amplifier and a 
nonlinear distortion generated by a nonlinear characteristic 
will be described. FIG. 2 illustrates an input/output charac 
teristic of the transmission power amplifier. FIG.3 describes 
a nonlinear distortion generated by a nonlinear characteristic. 

For example, in mobile communication such as W-CDMA 
(Wideband Code Division Multiple Access), transmission 
power of the wireless apparatus is as large as 10 mW to tens 
of W, and an input/output characteristic (which has a distor 
tion function f(p)) of the amplifier 128 has a nonlinear char 
acteristic as illustrated by a dotted line in FIG. 2. A nonlinear 
distortion is generated by this nonlinear characteristic, and as 
for a spectrum of frequencies around a transmission fre 
quency f. the side lobes rise from a characteristic illustrated 
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by a dashed line 157 to a characteristic illustrated by a solid 
line 158 in FIG. 3. Thus, the transmission signal leaks to 
adjacent channels, which causes an adjacent channel interfer 
ence. That is, due to the nonlinear distortion illustrated in FIG. 
2, power of the transmission signal leaking to the adjacent 
frequency channels becomes large as illustrated in FIG. 3. 
An ACPR (Adjacent Channel Power Ratio) indicates the 

magnitude of leaking power. In FIG. 3, ACPR is a ratio 
between adjacent leaking power leaking to adjacent channels 
represented by a spectrum area between a frequency band 150 
and a frequency band 156 to power of a channel of interest 
represented by a spectrum area between a frequency band 152 
and a frequency band 154. Such leaking power is strictly 
regulated since it becomes noise for the other channels and 
degrades a communication quality of the channels. 
The amount of leaking power is Small in a linear region 

(linear region C. in FIG. 2) of the power amplifier and is large 
in a nonlinear region B, for example. Thus, in a high-power 
transmission power amplifier, it is preferable to increase the 
linear region C. However, in order to increase the linear 
region, the amplifier needs to exhibit higher performance than 
actually wanted performance. This may be a disadvantage in 
terms of cost and size of the apparatus. Under Such circum 
stances, the distortion compensator 110, which compensates 
for a distortion of transmission power, is provided in the 
wireless apparatus 100. 

Next, an exemplary configuration of the distortion com 
pensator 110 will be described. FIG. 4 illustrates an exem 
plary configuration of the distortion compensator 110. As 
illustrated in FIG. 4, the distortion compensator 110 includes 
a multiplier 212, an RF correcting unit 214, a distortion func 
tion calculator 216, an address generating circuit 218, delay 
ing units 220 and 222, an LUT (Look Up Table) 224, and an 
adder 226. The distortion compensator 110 also includes a 
distortion compensation coefficient calculator 230, a feed 
back unit 240, a phase regulating unit 242, a delaying unit 
250, and a subtractor 252. The distortion compensation coef 
ficient calculator 230 includes multipliers 232, 234, and 236 
and a conjugate complex signal outputting unit 238. 
The multiplier 212 in FIG. 4 corresponds to the predistorter 

112 in FIG. 1. The multiplier 212 multiplies a transmission 
signal X(t) by a distortion compensation coefficient hin-1 (p). 
The distortion function calculator 216 in FIG. 4 corresponds 
to the amplifier 128 in FIG. 1. 

Also, the feedback unit 240 in FIG. 4 corresponds to a part 
including the directional coupler 130, the frequency converter 
140, the quadrature detector 138, and the A/D converter 136 
in FIG.1. The LUT 224 in FIG. 4 corresponds to the distortion 
compensation coefficient storing unit 114 in FIG. 1. The 
distortion compensation coefficient calculator 230 in FIG. 4 
corresponds to the distortion compensation coefficient calcu 
lator 116 in FIG. 1. 

In FIG. 4, the LUT 224 stores distortion compensation 
coefficients that cancel distortions of the distortion function 
calculator 216 (amplifier) in two-dimensional address loca 
tions corresponding to respective discrete power values of a 
transmission signal X(t). When a transmission signal X(t) is 
input, the address generating circuit 218 calculates a power 
value p (X2(t)) of the transmission signal X(t) and generates 
an address in a one-dimensional direction Such as an X-axial 
direction address uniquely corresponding to the calculated 
power value p (X2(t)) of the transmission signal x(t). At the 
same time, the address generating circuit 218 derives a dif 
ference AP from a power value p1 (X2(t–1)) of a transmis 
sion signal X(t-1) at a previous time point (t-1) stored in the 
address generating circuit 218 and generates an address in an 
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6 
another-dimensional direction Such as a Y-axial direction 
address uniquely corresponding to the calculated difference 
AP. 
The distortion compensator 110 outputs a storage location 

of the LUT 224 specified by the X-axial direction address P 
and the Y-axial direction address AP generated in the address 
generating circuit 218 as specifying information of a readout 
address (AR). Subsequently, a distortion compensation coef 
ficienthn-1 (p) stored in this readout address is read out from 
the LUT 224 and is used for distortion compensation process 
ing in the multiplier 212. The RF correcting unit 214 performs 
processing Such as frequency conversion processing of a dis 
tortion-compensated signal based on a signal after the distor 
tion compensation in the multiplier 212, a signal without 
distortion compensation, and a signal Subjected to phase 
regulation in the phase regulating unit 242. 
An update value for update of a distortion compensation 

coefficient stored in the LUT 224 is calculated in the distor 
tion compensation coefficient calculator 230. Specifically, 
the distortion compensation coefficient calculator 230 is con 
figured to include the conjugate complex signal outputting 
unit 238 and the multipliers 232,234, and 236. The subtractor 
252 outputs a difference e(t) between the transmission signal 
x(t) delayed in the delaying unit 250 and a demodulated 
feedback signal y(t) (feedback signal). 
The multiplier 236 multiplies the distortion compensation 

coefficient hn-1 (p) by y(t) and obtains an output u(t) (hn 
1(p)y*(t)). The multiplier 234 multiplies the difference out 
put e(t) of the subtractor 252 by u'(t). The multiplier 232 
multiplies a step size parameter LL by an output of the multi 
plier 234. 

Subsequently, the adder 226 adds the distortion compen 
sation coefficient hin-1 (p) to an output Le(t)u(t) of the mul 
tiplier 232 to obtain an update value of the LUT 224. The 
update value is stored in a writing address (AW) specified by 
the X-axial direction address and the Y-axial direction address 
as an address uniquely corresponding to the power value p 
(X2(t)) of the transmission signal generated in the address 
generating circuit 218. 

Meanwhile, the readout address (AR) described above and 
the writing address (AW) are the same address. However, 
since it takes calculating time and the like until the update 
value is obtained, the readout address is delayed in the delay 
ing unit 220 and is used as the writing address. 
The delaying units 220, 222, and 250 add delay time D 

from the input of the transmission signal X(t) to the input of 
the demodulated feedback signal y(t) in the subtractor 252 to 
the transmission signal. The delay time D set in the delaying 
units 220, 222, and 250 is determined so that D=D0+D1 may 
be satisfied where D0 is delay time in the distortion function 
calculator 216 (amplifier), and D1 is delay time in the feed 
back unit 240. 
By the above configuration, the following calculations are 

performed. 

In the above equations, X, y, f, h, u, and e are complex 
numbers, and is a conjugate complex number. By the above 
calculation processing, the distortion compensation coeffi 
cient h(p) is updated so that the difference signal e(t) between 
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the transmission signal X(t) and the demodulated feedback 
signal y(t) may be minimum and results in an optimal distor 
tion compensation coefficient value, and the distortion of the 
amplifier 128 is compensated. 

b Second Embodiment 

The wireless apparatus according to the first embodiment 
may include a plurality of amplifying systems (paths) each 
including the predistorter 112, the D/A converter 122, the 
quadrature modulator 124, the frequency converter 126, the 
amplifier 128, and the like. Description in this respect will be 
provided as a second embodiment. FIG. 5 illustrates an exem 
plary configuration of a wireless apparatus according to the 
second embodiment. 
As illustrated in FIG. 5, the wireless apparatus 200 

includes a plurality of amplifying systems (a path A, a path B, 
a path C, and a path D). Since the path A, the path B, the path 
C, and the path Dare similarly configured, the path A will be 
described as a representative. 
The path A includes the predistorter 112, the distortion 

compensation coefficient storing unit 114, the D/A converter 
122, the quadrature modulator 124, the frequency converter 
126, and the amplifier 128. Since the respective configura 
tions of these components have been described with respect to 
FIG. 1, duplicate description is not provided. 
The wireless apparatus 200 includes a switch (SW) 162, a 

reference carrier wave generator 163, a multiplier 164, an 
A/D converter 168, a modulator (QMOD) 170, a subtractor 
172, the distortion compensation coefficient calculator 116, a 
switch (SW) 174, and an SW controller 180. The paths Ato D 
have in common the switch (SW) 162, the reference carrier 
wave generator 163, the multiplier 164, the A/D converter 
168, the modulator (QMOD) 170, the subtractor 172, the 
distortion compensation coefficient calculator 116, the switch 
(SW) 174, and the SW controller 180. 
The Switch 162 selects feedback signals as parts of signals 

output from the paths. A to D sequentially in a time-divisional 
manner. The multiplier 164 multiplies a reference carrier 
wave output from the reference carrier wave generator 163 by 
a feedback signal selected in the switch 162. The subtractor 
172 derives a difference between the feedback signal output 
from the multiplier 164 and undergoing A/D conversion pro 
cessing and modulation processing and a transmission signal, 
corresponding to this feedback signal, before distortion com 
pensation in the predistorter 112. The distortion compensa 
tion coefficient calculator 116 derives a distortion compensa 
tion coefficient that restricts the difference derived in the 
subtractor 172 and updates a distortion compensation coeffi 
cient stored in the distortion compensation coefficient storing 
unit 114 in a corresponding path by the derived distortion 
compensation coefficient. Specifically, the switch 174 stores 
the distortion compensation coefficient output from the dis 
tortion compensation coefficient calculator 116 in the distor 
tion compensation coefficient storing unit 114 in a corre 
sponding path among the paths A to D to update the distortion 
compensation coefficient. 

In this manner, by providing the switch 162 and the switch 
174, the plurality of paths. A to D may have the reference 
carrier wave generator 163, the multiplier 164, the A/D con 
verter 168, the modulator (QMOD) 170, the subtractor 172, 
the distortion compensation coefficient calculator 116, and 
the like in common. 

The SW controller 180 controls the length of time during 
which each feedback signal is selected in a time-divisional 
manner in the Switch 162 depending on the magnitude of a 
distortion of each of the plurality of transmission signals 
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8 
output from the plurality of paths. A to D. For example, the SW 
controller 180 controls the length of time during which each 
feedback signal is selected in a time-divisional manner in the 
switch 162 depending on the magnitude of the difference 
derived in the subtractor 172. More specifically, the SW con 
troller 180 compares a plurality of differences corresponding 
to the plurality of feedback signals derived in the subtractor 
172 with one another and makes the length of time (referring 
time of a feedback signal) during which the feedback signal is 
selected in a time-divisional manner in the switch 162 longer 
for a feedback signal from an amplifying system having a 
larger difference. In other words, the SW controller 180 pro 
vides an amplifying system having a larger difference with a 
larger number of times of updating of the distortion compen 
sation coefficient stored in the distortion compensation coef 
ficient storing unit 114 (LUT). 

Control in the SW controller 180 will be described further 
in details. FIG. 6 illustrates an example of update time periods 
in the LUT. In FIG. 6, an example with two paths A and B is 
illustrated for simplicity of description. As illustrated in fre 
quency spectra at the upper portion of FIG. 6, it is assumed 
that a signal output from an amplifier of the path. A has a 
relatively large distortion (side lobes rise) and that a signal 
output from an amplifier of the path B experiences almost no 
distortion (side lobes do not rise). 

In this case, the SW controller 180 compares a difference of 
the path A output from the subtractor 172 with a difference of 
the path B and determines that the signal output from the 
amplifier of the path A has a larger distortion than the signal 
output from the amplifier of the path B. The SW controller 
180 then sets time period t during which the signal output 
from the amplifier of the path A is selected in the switch 162 
to be longer than time periodt during which the signal output 
from the amplifier of the path B is selected (tadt). The sum of 
t and t is time period T of 1 cycle for sequentially selecting 
the signal of the path A and the signal of the path B. 
By controlling the selection time periods in a manner of 

tats, update of the distortion compensation coefficient is 
performed frequently for the signal of the path A, which 
experiences a relatively large distortion, and consequently, 
sufficient distortion compensation is performed (the rise of 
the side lobes is significantly decreased) as illustrated in a 
frequency spectrum at the lower portion of FIG. 6. On the 
other hand, update of the distortion compensation coefficient 
is not performed so frequently for the signal of the path B, 
which experiences almost no distortion, but since there is 
nearly no distortion from the beginning, the rise of the side 
lobes does not occur. 
A comparative example of update in the LUT in a case 

where the SW controller 180 is not provided will be 
described. FIG. 7 illustrates a comparative example of update 
time periods in the LUT. In FIG. 7, two paths A and B are 
illustrated, similarly to FIG. 6, for the simplicity of descrip 
tion. As illustrated infrequency spectra at the upper portion of 
FIG. 7, it is assumed that a signal output from an amplifier of 
the path Ahas a relatively large distortion (side lobes rise) and 
that a signal output from an amplifier of the path B experi 
ences almost no distortion (side lobes do not rise). 

In the comparative example, the switch 162 selects the 
signal output from the amplifier of the path A and the signal 
output from the amplifier of the path B equally in a time 
divisional manner. That is, in the comparative example, each 
of a time period during which the signal output from the 
amplifier of the path A is selected in the switch 162 and a time 
period during which the signal output from the amplifier of 
the path B is selected in the switch 162 is set to time periodt. 
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The sum oft and t is time periodT of 1 cycle for sequentially 
selecting the signal of the path A and the signal of the path B. 
When the signal of the path A and the signal of the path B 

are Switched by equal time allocation, update of the distortion 
compensation coefficient is not performed sufficiently for the 5 
signal of the path A, which experiences a relatively large 
distortion as illustrated in a frequency spectrum at the lower 
portion of FIG. 7. Consequently, sufficient distortion com 
pensation is not performed for the signal of the path A (the rise 
of the side lobes is slightly decreased but remains even after 10 
distortion compensation since distortion compensation is not 
sufficient). On the other hand, the rise of the side lobes does 
not occur for the signal of the path B, which experiences 
nearly no distortion, since there is almost no distortion from 
the beginning; however update of the distortion compensa- 15 
tion coefficient is performed frequently for the signal of the 
path Baswell, which is actually unnecessary. As a result, time 
taken for compensating for distortions of the signal of the path 
A and the signal of the path B becomes long. 

Next, a flowchart of a process performed by the wireless 20 
apparatus 200 according to the second embodiment will be 
described. FIG. 8 illustrates a flowchart of an exemplary 
process performed by the wireless apparatus 200 according to 
the second embodiment. As illustrated in FIG. 8, the subtrac 
tor 172 first calculates a difference between a feedback signal 25 
and a transmission signal before distortion compensation in 
the path A (step S101). The subtractor 172 then calculates a 
difference between a feedback signal and a transmission sig 
nal before distortion compensation in the path B (step S102). 
The subtractor 172 then calculates a difference between a 30 
feedback signal and a transmission signal before distortion 
compensation in the path C (step S103). The subtractor 172 
then calculates a difference between a feedback signal and a 
transmission signal before distortion compensation in the 
path D (step S104). 35 

Subsequently, the SW controller 180 calculates selection 
time periods of the respective paths based on the calculated 
differences of the respective paths (step S105). For example, 
the SW controller 180 may calculate and allocate time peri 
ods for selecting signals of the respective paths in the switch 40 
162 in proportion to the magnitudes of the calculated differ 
ences of the respective paths. Alternatively, the SW controller 
180 may calculate time periods for selecting signals of the 
respective paths in the switch 162 based on the magnitudes of 
the calculated differences of the respective paths, but not in 45 
proportion to the magnitudes. 

Subsequently, the SW controller 180 executes selection 
(Switching) offeedback signals of the respective paths in the 
switch 162 in accordance with the calculated selection time 
periods of the respective paths (step S106). 50 

c Third Embodiment 

Next, a wireless apparatus 300 according to a third embodi 
ment will be described. The wireless apparatus 300 of the 55 
third embodiment differs from that of the second embodiment 
in that adjacent channel leaking power or an ACPR of a 
feedback signal is used as an index of a magnitude of a 
distortion. Description of structural components and func 
tions similar to those of the second embodiment will not be 60 
repeated. 

FIG. 9 illustrates a configuration of the wireless apparatus 
300 according to the third embodiment. As illustrated in FIG. 
9, the wireless apparatus 300 includes a Fourier transform 
unit (FFT (Fast Fourier Transform)) 190, an ACPR calculator 65 
192, an adjacent channel leaking power calculator 194, and an 
SW controller 196. 

10 
The Fourier transform unit 190 performs fast Fourier trans 

form processing on a feedback signal that has been selected in 
the Switch 162 and has thereafter undergone processing in the 
A/D converter 168 and the modulator 170. Based on a signal 
output from the Fourier transform unit 190, the ACPR calcu 
lator 192 calculates a ratio of power of adjacent channels to 
power of a main channel for the signal. It is to be noted that, 
although an example of calculating the ACPR is illustrated in 
the present embodiment, an ACLR (Adjacent Channel Leak 
age Ratio) can be used instead of the ACPR. 
The adjacent channel leaking power calculator 194 calcu 

lates adjacent channel leaking power of the feedback signal 
that has been selected in the switch 162 and has thereafter 
undergone processing in the A/D converter 168 and the modu 
lator 170. 
The SW controller 196 controls the length of time during 

which each feedback signal is selected in a time-divisional 
manner in the Switch 162 depending on the magnitude of a 
distortion of each of a plurality of transmission signals output 
from a plurality of paths. A to D. For example, the SW con 
troller 196 controls the length of time during which each 
feedback signal is selected in a time-divisional manner in the 
Switch 162 depending on the ratio of power of adjacent chan 
nels to power of a main channel for each feedback signal 
calculated in the ACPR calculator 192. More specifically, the 
SW controller 196 compares the magnitudes of the ratios of 
power of adjacent channels to power of a main channel for the 
respective feedback signals calculated in the ACPR calculator 
192. The SW controller 196 then makes the length of time 
during which a feedback signal is selected in a time-divisional 
manner in the switch 162 longer for a feedback signal from a 
path having a larger ratio of power of adjacent channels to 
power of a main channel. In other words, the SW controller 
196 provides a path having a larger power ratio with a larger 
number of times of updating of the distortion compensation 
coefficient stored in the distortion compensation coefficient 
storing unit 114 (LUT). 

For example, the SW controller 196 controls the length of 
time during which each feedback signal is selected in a time 
divisional manner in the Switch 162 depending on the mag 
nitude of the adjacent channel leaking power of each feed 
back signal calculated in the adjacent channel leaking power 
calculator 194. More specifically, the SW controller 196 com 
pares the adjacent channel leaking power values of the 
respective feedback signals calculated in the adjacent channel 
leaking power calculator 194. The SW controller 196 then 
makes a time during which a feedback signal is selected in a 
time-divisional manner in the switch 162 longer for a feed 
back signal from a path having a larger adjacent channel 
leaking power value. In other words, the SW controller 196 
provides a path having a larger adjacent channel leaking 
power value with a larger number of times of updating of the 
distortion compensation coefficient stored in the distortion 
compensation coefficient storing unit 114 (LUT). 

Next, a flowchart of an exemplary process performed by 
the wireless apparatus 300 according to the third embodiment 
will be described. FIG. 10 illustrates a flowchart of an exem 
plary process performed by the wireless apparatus 300 
according to the third embodiment. As illustrated in FIG. 10, 
the Fourier transform unit 190 first performs fast Fourier 
transform on a feedback signal in the path A (step S201). 
Subsequently, the ACPR calculator 192 calculates a ratio of 
power of adjacent channels to power of a main channel for the 
feedback signal in the path A (step S202). 

Subsequently, the Fourier transform unit 190 performs fast 
Fourier transform on a feedback signal in the path B (step 
S203). Subsequently, the ACPR calculator 192 calculates a 
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ratio of power of adjacent channels to power of a main chan 
nel for the feedback signal in the path B (step S204). 

Subsequently, the Fourier transform unit 190 performs fast 
Fourier transform on a feedback signal in the path C (step 
S205). Subsequently, the ACPR calculator 192 calculates a 
ratio of power of adjacent channels to power of a main chan 
nel for the feedback signal in the path C (step S206). 

Subsequently, the Fourier transform unit 190 performs fast 
Fourier transform on a feedback signal in the path D (step 
S207). Subsequently, the ACPR calculator 192 calculates a 
ratio of power of adjacent channels to power of a main chan 
nel for the feedback signal in the path D (step S208). 

Subsequently, the SW controller 196 calculates selection 
time periods of the respective paths based on the calculated 
power ratios of the respective paths (step S209). For example, 
the SW controller 196 may calculate time periods for select 
ing the respective paths in the switch 162 in proportion to the 
magnitudes of the calculated power ratios of the respective 
paths. Alternatively, the SW controller 196 may calculate 
time periods for selecting the respective paths in the Switch 
162 in accordance with the magnitudes of the calculated 
power ratios of the respective paths but not in proportion to 
the magnitudes. 

Subsequently, the SW controller 196 executes selection 
(Switching) offeedback signals of the respective paths in the 
switch 162 in accordance with the calculated selection time 
periods of the respective paths (step S210). 

Next, a flowchart of another exemplary process performed 
by the wireless apparatus 300 according to the third embodi 
ment will be described. FIG. 11 illustrates a flowchart of 
another exemplary process performed by the wireless appa 
ratus 300 according to the third embodiment. As illustrated in 
FIG. 11, the Fourier transform unit 190 first performs fast 
Fourier transform on a feedback signal in the path A (Step 
S301). Subsequently, the adjacent channel leaking power cal 
culator 194 calculates adjacent channel leaking power for the 
feedback signal in the path A (step S302). 

Subsequently, the Fourier transform unit 190 performs fast 
Fourier transform on a feedback signal in the path B (step 
S303). Subsequently, the adjacent channel leaking power cal 
culator 194 calculates adjacent channel leaking power for the 
feedback signal in the path B (step S304). 

Subsequently, the Fourier transform unit 190 performs fast 
Fourier transform on a feedback signal in the path C (step 
S305). Subsequently, the adjacent channel leaking power cal 
culator 194 calculates adjacent channel leaking power for the 
feedback signal in the path C (step S306). 

Subsequently, the Fourier transform unit 190 performs fast 
Fourier transform on a feedback signal in the path D (step 
S307). Subsequently, the adjacent channel leaking power cal 
culator 194 calculates adjacent channel leaking power for the 
feedback signal in the path D (step S308). 

Subsequently, the SW controller 196 calculates selection 
time periods of the respective paths based on the calculated 
adjacent channel leaking power values of the respective paths 
(step S309). For example, the SW controller 196 may calcu 
late time periods for selecting the respective paths in the 
switch 162 in proportion to the magnitudes of the calculated 
adjacent channel leaking power values of the respective 
paths. Alternatively, the SW controller 196 may calculate 
time periods for selecting signals of the respective paths in the 
Switch 162 in accordance with the magnitudes of the calcu 
lated adjacent channel leaking power values of the respective 
paths, but not in proportion to the magnitudes. 

Subsequently, the SW controller 196 executes selection 
(Switching) offeedback signals of the respective paths in the 
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12 
switch 162 in accordance with the calculated selection time 
periods of the respective paths (step S310). 
As described above, the wireless apparatuses according to 

the embodiments include a plurality of amplifiers, monitor 
magnitudes of distortions of signals output from the respec 
tive amplifiers, and control the Switching time periods of 
feedback signals in accordance with the magnitudes. For 
example, the wireless apparatus 200 controls the switch 162 
so that update in the LUT may be performed for a longer time 
period for a path including an amplifier having a large distor 
tion than for a path including an amplifier having a small 
distortion. As a result, Sufficient distortion compensation is 
performed for the path experiencing a large distortion. On the 
other hand, update of the distortion compensation coefficient 
is not performed frequently for the signal of the path having a 
Small distortion. Because the signal of Such path experiences 
almost no distortion from the beginning, an influence on 
adjacent channels is restricted. Thus, according to the wire 
less apparatuses of the embodiments, it is possible to shorten 
the time for distortion compensation in the apparatus as a 
whole. 

According to an embodiment, time taken for distortion 
compensation of signals output from a plurality of amplifiers 
can be shortened. 

Further, the process performed by the wireless apparatus 
according to an embodiment may be stored, as a computer 
program, in a computer-readable storage medium such as 
floppy disk, CD-ROM (compact disc read only memory), 
DVD (digital versatile disc), magnet-optical disc and IC card. 
The program may be read from the computer-readable stor 
age medium and executed by a computer. 

All examples and conditional language recited herein are 
intended for pedagogical purposes of aiding the reader in 
understanding the invention and the concepts contributed by 
the inventor to further the art, and are not to be construed as 
limitations to such specifically recited examples and condi 
tions, nor does the organization of Such examples in the 
specification relate to a showing of the Superiority and infe 
riority of the invention. Although the embodiments of the 
present invention have been described in detail, it should be 
understood that the various changes, Substitutions, and alter 
ations could be made hereto without departing from the spirit 
and scope of the invention. 
What is claimed is: 
1. A wireless apparatus comprising: 
a plurality of amplifying systems each including: 

a storing unit that stores a distortion compensation coef 
ficient for use in compensation for a nonlinear distor 
tion of one or more transmission signals; 

a compensator that compensates for the nonlinear dis 
tortion of the transmission signal with use of the dis 
tortion compensation coefficient stored in the storing 
unit; and 

an amplifier that amplifies the transmission signal Sub 
jected to the distortion compensation in the compen 
Sator, 

a Switch that selects a plurality of feedback signals corre 
sponding to the plurality of transmission signals output 
from the plurality of amplifying systems sequentially in 
a time-divisional manner; 

a subtractor that derives one or more differences between 
the feedback signal selected in the switch and the trans 
mission signal, corresponding to the feedback signal, 
before the distortion compensation in the compensator; 

a first calculator that derives a distortion compensation 
coefficient that restricts the difference derived in the 
Subtractor and updates the distortion compensation 
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coefficient stored in the storing unit in the corresponding 
amplifying system by the derived distortion compensa 
tion coefficient; and 

a switch controller that controls the length of time during 
which each of the feedback signals is selected in the 
time-divisional manner in the Switch depending on a 
magnitude of the distortion of each of the plurality of 
transmission signals output from the plurality of ampli 
fying systems, the Switch controller comparing the plu 
rality of differences corresponding to the plurality of 
feedback signals derived in the subtractor with one 
another and causing the length of time during which the 
feedback signal is selected in the time-divisional manner 
to be longer for the feedback signal from the amplifying 
system having the larger difference. 

2. A wireless apparatus comprising: 
a plurality of amplifying systems each including: 

a storing unit that stores a distortion compensation coef 
ficient for use in compensation for a nonlinear distor 
tion of one or more transmission signals; 

a compensator that compensates for the nonlinear dis 
tortion of the transmission signal with use of the dis 
tortion compensation coefficient stored in the storing 
unit; and 

an amplifier that amplifies the transmission signal Sub 
jected to the distortion compensation in the compen 
Sator, 

a Switch that selects a plurality of feedback signals corre 
sponding to the plurality of transmission signals output 
from the plurality of amplifying systems sequentially in 
a time-divisional manner; 

a subtractor that derives one or more differences between 
the feedback signal selected in the switch and the trans 
mission signal, corresponding to the feedback signal, 
before the distortion compensation in the compensator; 

a first calculator that derives a distortion compensation 
coefficient that restricts the difference derived in the 
Subtractor and updates the distortion compensation 
coefficient stored in the storing unit in the corresponding 
amplifying system by the derived distortion compensa 
tion coefficient; 

a second calculator that calculates adjacent channel leak 
ing power values of the respective feedback signals 
based on the plurality of feedback signals; and 

a switch controller that controls the length of time during 
which each of the feedback signals is selected in the 
time-divisional manner in the Switch depending on a 
magnitude of the distortion of each of the plurality of 
transmission signals output from the plurality of ampli 
fying systems, the Switch controller also controls the 
length of time during which each of the feedback signals 
is selected in the time-divisional manner depending on a 
magnitude of the adjacent channel leaking power values 
of each of the feedback signals calculated in the second 
calculator. 

3. The wireless apparatus according to claim 2, wherein the 
Switch controller compares the adjacent channel leaking 
power values of the respective feedback signals calculated in 
the second calculator and causes the length of time during 
which the feedback signal is selected in the time-divisional 
manner in the switch to be longerfor the feedback signal from 
the amplifying system having the larger adjacent channel 
leaking power value. 

4. A wireless apparatus comprising: 
a plurality of amplifying systems each including: 
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14 
a storing unit that stores a distortion compensation coef 

ficient for use in compensation for a nonlinear distor 
tion of one or more transmission signals; 

a compensator that compensates for the nonlinear dis 
tortion of the transmission signal with use of the dis 
tortion compensation coefficient stored in the storing 
unit; and 

an amplifier that amplifies the transmission signal Sub 
jected to the distortion compensation in the compen 
Sator, 

a Switch that selects a plurality of feedback signals corre 
sponding to the plurality of transmission signals output 
from the plurality of amplifying systems sequentially in 
a time-divisional manner; 

a subtractor that derives one or more differences between 
the feedback signal selected in the switch and the trans 
mission signal, corresponding to the feedback signal, 
before the distortion compensation in the compensator; 

a first calculator that derives a distortion compensation 
coefficient that restricts the difference derived in the 
Subtractor and updates the distortion compensation 
coefficient stored in the storing unit in the corresponding 
amplifying system by the derived distortion compensa 
tion coefficient; 

a third calculator that calculates ratios of power of adjacent 
channels to power of a main channel for the respective 
feedback signals based on the plurality offeedback sig 
nals; and 

a switch controller that controls the length of time during 
which each of the feedback signals is selected in the 
time-divisional manner in the switch depending on a 
magnitude of the distortion of each of the plurality of 
transmission signals output from the plurality of ampli 
fying systems, the Switch controller also controls the 
length of time during which each of the feedback signals 
is selected in the time-divisional manner depending on 
the ratios calculated in the third calculator. 

5. The wireless apparatus according to claim 4, wherein the 
Switch controller compares magnitudes of the ratios of the 
power of the adjacent channels to the power of the main 
channel for the respective feedback signals calculated in the 
third calculator and causes the length of time during which the 
feedback signal is selected in the time-divisional manner in 
the switch to be longer for the feedback signal from the 
amplifying system having the larger ratio of the power of the 
adjacent channels to the power of the main channel. 

6. A distortion compensating method comprising: 
(a) executing in each of a plurality of amplifying systems: 

(a1) reading a distortion compensation coefficient from 
a storing unit that stores the distortion compensation 
coefficient for use in compensation for a nonlinear 
distortion of one or more transmission signals and 
compensating for the nonlinear distortion of the trans 
mission signal with use of the read distortion compen 
sation coefficient; and 

(a2) amplifying the transmission signal Subjected to the 
distortion compensation; 

(b) selecting a plurality offeedback signals corresponding 
to the plurality of transmission signals output from the 
plurality of amplifying systems sequentially in a time 
divisional manner; 

(c) deriving a difference between the selected feedback 
signal and the transmission signal, corresponding to the 
feedback signal, before the distortion compensation; 

(d) deriving a distortion compensation coefficient that 
restricts the derived difference and updating the storing 
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unit in the corresponding amplifying system by the 
derived distortion compensation coefficient; and 

(e) controlling the length of time during which each of the 
feedback signals is selected in the time-divisional man 
nerdepending on a magnitude of the distortion of each of 
the plurality of transmission signals output from the 
plurality of amplifying systems, by comparing a plural 
ity of differences derived in the (c) deriving and corre 
sponding to the plurality offeedback signals selected in 
the (b) selecting with one another and causing the length 
of time during which the feedback signal is selected in 
the time-divisional manner to be longer for the feedback 
signal from the amplifying system having the larger 
difference. 

7. A distortion compensating method comprising: 
(a) executing in each of a plurality of amplifying systems: 

(a1) reading a distortion compensation coefficient from 
a storing unit that stores the distortion compensation 
coefficient for use in compensation for a nonlinear 
distortion of one or more transmission signals and 
compensating for the nonlinear distortion of the trans 
mission signal with use of the read distortion compen 
sation coefficient; and 

(a2) amplifying the transmission signal Subjected to the 
distortion compensation; 

(b) selecting a plurality offeedback signals corresponding 
to the plurality of transmission signals output from the 
plurality of amplifying systems sequentially in a time 
divisional manner; 

(c) deriving a difference between the selected feedback 
signal and the transmission signal, corresponding to the 
feedback signal, before the distortion compensation; 

(d) deriving a distortion compensation coefficient that 
restricts the derived difference and updating the storing 
unit in the corresponding amplifying system by the 
derived distortion compensation coefficient; 

(e) calculating adjacent channel leaking power values of 
the respective feedback signals based on the plurality of 
feedback signals; and 

(f) controlling the length of time during which each of the 
feedback signals is selected in the time-divisional man 
nerdepending on a magnitude of the distortion of each of 
the plurality of transmission signals output from the 
plurality of amplifying systems, and also controlling the 
length of time during which each of the feedback signals 
is selected in the time-divisional manner depending on a 
magnitude of the adjacent channel leaking power values 
of each of the feedback signals calculated in the (e) 
calculating. 

8. The distortion compensating method according to claim 
7, wherein the (f) controlling controls the length of time by 
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16 
comparing the adjacent channel leaking power values of the 
respective feedback signals calculated in the (e) calculating 
and causing the length of time during which the feedback 
signal is selected in the time-divisional manner to be longer 
for the feedback signal from the amplifying system having the 
larger adjacent channel leaking power value. 

9. A distortion compensating method comprising: 
(a) executing in each of a plurality of amplifying systems: 

(a1) reading a distortion compensation coefficient from 
a storing unit that stores the distortion compensation 
coefficient for use in compensation for a nonlinear 
distortion of one or more transmission signals and 
compensating for the nonlinear distortion of the trans 
mission signal with use of the read distortion compen 
sation coefficient; and 

(a2) amplifying the transmission signal Subjected to the 
distortion compensation; 

(b) selecting a plurality offeedback signals corresponding 
to the plurality of transmission signals output from the 
plurality of amplifying systems sequentially in a time 
divisional manner; 

(c) deriving a difference between the selected feedback 
signal and the transmission signal, corresponding to the 
feedback signal, before the distortion compensation; 

(d) deriving a distortion compensation coefficient that 
restricts the derived difference and updating the storing 
unit in the corresponding amplifying system by the 
derived distortion compensation coefficient; 

(e) calculating ratios of power of adjacent channels to 
power of a main channel for the respective feedback 
signals based on the plurality of feedback signals; and 

(f) controlling the length of time during which each of the 
feedback signals is selected in the time-divisional man 
nerdepending on a magnitude of the distortion of each of 
the plurality of transmission signals output from the 
plurality of amplifying systems, and also controlling the 
length of time during which each of the feedback signals 
is selected in the time-divisional manner depending on 
the ratios calculated in the (e) calculating. 

10. The distortion compensating method according to 
claim 9, wherein the (f) controlling controls the length of time 
by comparing magnitudes of the ratios of the power of the 
adjacent channels to the power of the main channel for the 
respective feedback signals calculated in the (e) calculating 
and causing the length of time to be longer for the feedback 
signal from the amplifying system having the larger ratio of 
the power of the adjacent channels to the power of the main 
channel. 


